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10.1 INTRODUCTION

In the previous two units on chromatography you became familiar with basic

concepts and terminology of chromatography techniques. With advancement

and innovations, upgraded forms of chromatography increases its sensitivity,

productivity and robustness. Advanced chromatographic techniques refer to

the use of sophisticated separation methods in analytical chemistry- including

the growing accessibility of mass spectrometers, programmable

chromatography (HPLC) plates and scanners capable of reading thin-layer

chromatography (TLC) plates in the ultraviolet and visible regions. All these 221
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developments have facilitated and accelerated the process of purification and
analysis.

Liquid chromatography-mass spectrometry (LC—MS) is a highly sophisticated
analytical technique employed for the separation, identification, and
quantification of both unknown and known compounds as well as to determine
the structure and chemical properties of various molecules. A major highlight
of this technique is sensitivity. Minute small molecules can be analyzed using
this technique. Ultra performance liquid chromatography (UPLC) is another
advanced LC technique that reduces solvent consumption and separation
time. HPTLC is a modified and advanced version of TLC. In factitis a
sophisticated, dependable, highly useful, efficient and automated form of TLC
having the latest technical developments for quality assessment. Let us read
more about these techniques in detail in the subsequent sections.

Expected Learning Outcomes

After studying this unit, you should be able to:

+« understand the principle of LC/MS;

+ state the advantages and limitations of LC/MS;
« describe different applications of LC/MS;

+ state the principle in UPLC;

+ explain the advantages and limitations of UPLC;
« describe the applications of UPLC;

+« understand the principle of HPTLC; and

« discuss various applications of HPTLC.

10.2 LIQUID CHROMATOGRAPHY-MASS
SPECTROMETRY (LC/MS)

LC/MS is a rapidly developing, sensitive analytical method. Combining
different analytical techniques can complement each other's strengths and
synergize for specific applications. Mass spectrometers are preferred due to
their sensitive nature and ability to handle complex mixtures. Modern LC/MS
uses HPLC exclusively for samples.

10.2.1 Principle

LC/MS is a chemical analytical technique that utilizes liquid chromatography
(LC) for physical separation and a mass spectrometer (MS) for detection or
mass analysis. These two instruments are discussed briefly before stepping in
detail:

a) Mass Spectrometer: You have read about mass spectrophotometer in Unit-
5. The first step involves transfer of a sample onto an MS instrument and its
vaporization. Using a variety of techniques, MS transforms the sample
molecules into a charged (ionised) state; the mass analyzer then determines
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the mass-to-charge ratio (m/e) of the molecular ions and any fragment ions
generated during the ionization process. MS generates 3-dimensional mass
spectral data that can provide valuable qualitative and quantitative information.

B) Liquid chromatography (HPLC): You have also read about the technique in
previous units. HPLC is a crucial separation technique in life sciences and
chemistry, allowing safe separation of various organic compounds like drug
metabolites, peptides, and proteins. HPLC uses adsorption to separate
samples by forcing them through a stationary phase, typically composed of
small spherically shaped particles, at high pressure. HPLC methods are
categorized into two subclasses based on stationary phases and the required
polarity of the mobile phase: The use of octadecylsilyl (C18) and organic-
modified particles as stationary phases in reverse-phase liquid
chromatography (RP-LC) and materials like silica gel with pure or mixed
organic mixtures in normal-phase liquid chromatography (NP-LC).

¢) Combination of HPLC and MS: LC/MS compensates for the shortcomings
of conventional liquid phase detectors by combining MS's high selectivity and
sensitivity with LC's high separation capability. HPLC differentiate on basis of
physio-chemical properties and MS differentiates on mass. Mass spectrometry
measurement on mass/charge making it more sensitive and specific than LC
detectors. SO LC-MS can identify components in ambiguous chromatographic
peaks.

10.2.2 Instrumentation
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Fig. 10.1: Block diagram of LC/MS.

https://b2capi.thyrocare.com/Liquid-Chromatography.html
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LC/MS has two parts: HPLC and MS (Figure 10.1). You have read about
these techniques separately in Unit-5 and Unit-9 but since these two
techniques are in integrated form as LC-MS; Let us discuss them in detail.

Mass Spectrometer

A mass spectrometer ionizes sample molecules, sorting and identifying ions
based on their mass-to-charge ratios. This instrument consists of an ion
source that generates ions, a mass analyzer that sorts them, and a detector.

lon Sources

The major types of ion sources used in LC/MS systems are:

a)

d)

Atmospheric Pressure lonisation (API): Nebulisation, evaporation,
and ionization comprise atmospheric-pressure ionisation (API). API
technique involves nebulising a sample through a capillary tube,
producing droplets with electric charges. Droplets shrink, collide with
molecules, and enter mass analysers. The APl method is employed for a
wide range of analyses involving moderate molecular weights, including
both polar and non-polar compounds.

Electron Spray lonisation Source (ESI): In electron spray source,
liquid samples are pumped through a metal capillary, nebulised, to
produce charged droplets. The solvent in these droplets is evaporated
by applying warm nitrogen gas. The remaining charge is transferred to a
digiphone analyser, where the particles contract, expelled by repulsive
forces, and drawn to a mass analyser. ESI operating at room
temperature, is a "soft" ionisation source, transferring minimal energy to
the analyte and causing minimal fragmentation. Electron spray ionization
is ideal for analyzing large biomolecules (e.g., oligonucleotides,
peptides, and proteins), benzodiazepines, sulphated conjugates, and
moderately polar molecules like peptides, xenobiotics, and metabolites.

Atmospheric Pressure Chemical lonisation (APCI): APCI is a method
that uses nebulisation and corona discharge to ionize gas and solvent
molecules, improving LC-MS analysis sensitivity for small, thermally
stable molecules like unbound steroids. It is more commonly used with
normal-phase chromatography than electron spray due to non-polar
analytes. However, it is less suitable for examining sizeable
biomolecules with thermal significance.

Thermospray and Plasma Spray lonization (TSPI): Thermospray is a
method that creates charged droplets by heating a capillary tube,
resulting in solvent evaporation. Droplets decrease in size due to solvent
evaporation, increasing surface charge density, and are then introduced
into a mass analyzer with an electrostatic voltage system. This method
overcomes ESlI's limitations and offers real-time process stream analysis
and reaction monitoring in non-ESI-friendly scenarios. Plasma spray
ionization mixes aerosols with gaseous plasma plumes, generating
simpler mass spectra with minimal adduct and cluster formation. Plasma
spray ionization is commonly used in clinical and medical analysis.
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e)

f)

g)

Atmospheric Pressure Photo lonization (APPI): APPI for LC/MS is a
new technique that uses photons generated by a discharge lamp to
excite and ionize molecules after nebulisation, minimizing concurrent
ionization of solvents and gases. The ions are collected through a
capillary sampling orifice and then analyzed using a mass analyzer. The
technique is utilized for analyzing neutral compounds like steroids, as it
predominantly produces singly charged ions. Analysis of compounds
with APPI is successful particularly with non-polar substances and low
flow rates, where the sensitivity of APCI gets diminished.

Particle Beam lonization: The nebulisation and evaporation processes
are similar to those of APCI and ESI. HPLC effluent is separated using
helium gas injection, resulting in a high-velocity liquid droplet spray.
These droplets evaporate, reduce size, and exit as particle beams,
undergoing ionisation, analogous to ESI and APCI.

Fast Atom Bombardment (FAB): The target is bombarded with fast
moving atoms, such as xenon or argon, via the FAB ion source.
Following dissolution in glycerol, the sample is subsequently affixed to a
thin metal probe. Introduction of the probe into the mass spectrometer
leads to ionization of the sample via bombardment by rapidly moving
ions. The ions are evaluated according to their mass-to-charge ratio.
The utilization of FAB to analyze non-volatile and thermally unstable
compounds gives it a distinct advantage.

Mass Analyzers

lons are separated in a mass analyzer based on their m/e ratio. Various mass
analyzers are described in the following sections; the merits and demerits of
each analyzer vary according to the specific demands of the analysis.

a)

b)

Quadrupole analyser: This is the simplest, least expensive, most
popular, and most practical mass analyzer available today. Quadrupole
analyzers use parallel rods between an ion source and a detector to
transmit m/e values, generating electromagnetic fields. They scan
across a range of values, resulting in a mass spectrum. Most operate at
<4000 m/e and scan speeds up to 1000m/e per second.

One possible substitute for scanning is to configure the quadrupoles to
track a designated m/e value. This is accomplished through voltage
modulation. Stepping, a method that can be executed in milliseconds,
allows for the detection of multiple analytes by stepping through a panel
of m/e values, enhancing the detection limits of targeted analyses.

Quadrupole analysers are extensively employed in clinical biochemistry
LC/MS applications owing to their straightforward scanning process and
ability to generate high-quality quantitative data are noteworthy.

Time-of-flight (TOF) analysis: The TOF analyzer accelerates ions via
high voltage, determining their velocity and time to reach the detector. It
transforms the detector's output into a mass spectrum over time,
maintaining high sensitivity. The analyzer’s precision in mass allows for
the computation of molecular formulas for minuscule molecules, and it
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c)

d)

can rapidly acquire spectra while maintaining high sensitivity. In the
context of MALDI (Matrix-Assisted Laser Desorption lonization), time-of-
flight mass analyzers are frequently employed in conjunction with a laser
beam utilized for ionization.

lon Trap Analyzer: An ion trap mass analyzer uses electromagnetic
fields to trap ions in a chamber, ejecting them sequentially to create a
mass spectrum. It's advantageous for compound structure analysis and
has lower sensitivity compared to quadrupole mass analyzers.

Hybrid analyzers: Hybrid analyzers particularly triple quadrupole time-
of-flight (QTOF) and QTrap instruments are useful for LC/MS in
proteomics. A QTOF MS, a combination of triple quadrupole and ion trap
analyzers, uses a linear ion trap to trap and eject ions based on their
m/e values, enhancing the sensitivity of product ion scanning.

Fourier Transform lon Cyclotron Resonance (FT-ICR) Mass
Analyzer: The FT-ICR mass analyzer uses electrical and magnetic
fields to trap ions in circular orbits, generating a time-dependent current.
It can perform multiple stages of mass spectrometry without additional
mass analyzers, offering high resolution, accuracy and fast data
acquisition. It can be used in biological sciences and molecular
research, but is the most expensive.

Detectors

The detector is a crucial MS component, producing an electrical signal
proportional to the number of ions impacted. The list of commonly used
detectors includes:

a)

b)

Point ion collector detector: lon collectors in MS direct ions towards a
singular detector location, causing an electric current to be directly
proportional to the influx of ions detected, allowing for analysis.

Array Detector: An array detector is a planar arrangement of point
collectors that detects ions based on their mass-to-charge ratio. An array
detector is capable of simultaneously and spatially detecting ions with
varying masses.

§AQ1

a)

Which of the following is the main advantage of coupling
chromatography with mass spectrometry?

i) Provides a tool to analyze complex samples containing many
different analytes.

i) Provides a tool for analysis of liquids and gases.

iii)  Provides a tool for separating analytes in a complex mixture within
the timeframe of a mass spectrometry experiment.
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b)

c)

Which of the following is not a component of mass spectrometric
technique?

i) lon source
i)  Analyzer

i) Detector

iv)  X-ray source

.......................... helps in separating the ion beams into its
components (Fill in the blanks).

Separation of ions in mass spectrometer take place on the basis of
.................. (Fill in the blanks).

High Performance Liquid Chromatography (HPLC)

The components of HPLC are:

Pump: It helps in providing a significant quantity of mobile phase
through the column (10 ml/min).

Sample injector: Automatic injectors are easier to use and more precise
than manual injectors, which can supply samples up to 2 ml, and are
commonly used in chromatographic apparatus.

Column: The column length ranges from 50-300 mm and comprises a
stationary phase with octadecyl (C18), octyl (C8), cyano, amino, and
phenyl packings.

Detector and Recorder: HPLC detectors are crucial components that
capture signals as peaks, allowing data to be saved in computer
programs. Most of the time, the eluents from the HPLC can be
connected directly to the MS. The current ion sources in MS can handle
a wide range of flow rates and mobile phase compositions. Modifications
to the LC separation may enhance the assay performance of MS.

. Flow rate: Standard ESI sources can handle 1 ml/min, but lower
flow rates improve selectivity. Columns with 1.0-2.1 mm diameters
reduce mobile phase consumption. These separations are useful
in proteomics but less suitable for clinical lab work.

. Mobile phase: RP-LC and NP-LC solvents are compatible with
ESI, but avoid buffers with inorganic ions like phosphate and
sodium acetate, which causes ion suppression and can create MS
adducts. Buffers based on ammonium acetate, formate, and
bicarbonate are more compatible. lon pairing reagents like
trifluoroacetic acid should be minimized due to ion suppression.

. Resolution and throughput: Conventional LC with UV detection
requires baseline separation of peaks due to non-specific
detectors, especially for wavelengths below 250 nm. In LC/MS,
complete chromatographic separation is not needed and ultra- 227
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performance LC columns and high-pressure pumping systems
speed up the analytical process. Columns generate highly
resolved chromatograms with better signal-to-noise ratios, impact
MS scanning speed. Fast scan speeds may compromise
sensitivity while monitoring multiple ions. It can be minimized by
dividing the chromatogram into smaller windows and using specific
ions panels for analysis.

10.2.3 Advantages of LC/MS

The analysis method offers rapid analysis duration, abundant productivity, and
extensive analysis range. It has strong separation ability and low detection
limit, allowing for qualitative and quantitative analysis of mixtures. A molecular
fingerprint for the compound is generated ensuring accurate peak assignment
in complex matrices, and controlled fragmentation enables structural
elucidation.

10.2.4 Limitations of LC/MS

Contamination in any part of the instrument can disrupt analysis by
overlapping or enhancing analyte ionization, forming adducts, altering signal
intensities, or appearing as ghost peaks. Knowledge and expertise are crucial
for LC/MS operations, but maintenance costs are higher and instruments
require additional space and transport. The need for specifically trained staff,
complex method validation and limited robustness are some of the other
limitations of LC-MS.

10.2.5 Applications of LC/MS

LC/MS is an exceptionally precise and discerning method employed for
separating and analyzing large molecular weight, thermally unstable,
nonvolatile and polar compounds offering both qualitative and quantitative
applications. These include:

. Identification

LC/MS is a vital tool for determining molecular weights. LC/MS analysis aids in
structural determination of compounds like ginsenosides in Ginseng root, a
Chinese herbal remedy, by enabling multiple stages of precursor ion isolation
and fragmentation. ES| and APCI are effective techniques for identifying and
characterizing carotenoid compounds, providing comparable sensitivity and
producing large molecular ions at the low picomol level. LC/MS-based
glycoproteomic studies are used to characterize glycopeptides by identifying
their glycosylation site, glycol type and peptide backbone core.

. Metabolic disorders

The technique can detect metabolic disorders in neonatal dried blood spots,
including galactosaemia, sickle cell anaemia, and lysosomal disorders, with
potential applications in porphyrin, purine, pyrimidine, peroxisomal, and bile
acid metabolism. LC/MS is used to measure 25-hydroxyvitamin D3 and 25-
hydroxyvitamin D2 in serum and plasma, assay fat-soluble vitamins like
vitamin E and K, and water-soluble vitamins like pyridoxine, riboflavin, and
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folate. It also measures plasma methyl masonic acid and plasma total
homocysteine. LC-MS analysis is a valuable tool in steroid biochemistry
research, particularly when conventional immunoassays are ineffective. It
measures low testosterone, dihydrotestosterone levels, urine-free cortisol,
oestrogens, and adrenal steroids, aiding in investigating inborn steroid
metabolism errors. LC/MS is also a method used in molecular pharmacognosy
to analyze plant cell contents and categories, identifying groups with the
highest ingredient content differences for phenotypic cloning studies.

. Therapy

Therapeutic Drug Monitoring (TDM) and Toxicology have evolved from
expensive immunoassays to more sensitive LC/MS assays. These tests can
measure multiple drugs and metabolites in one run, simplifying laboratory
workflows and providing additional pharmacokinetic information. LC/MS is
crucial for detecting drug use and doping agents in sporting situations,
providing evidence for police charges or disqualifications. TDM of certain
drugs with a narrow therapeutic index improves patient outcomes, making
LC/MS-based methods and immunoassays the most widespread approaches
in clinical laboratories.

. Food Analysis

In food analysis, LC/MS is an indispensable instrument for identifying pesticide
residues, organic pollutants, antibiotics, hormones, and harmful ingredients,
as well as natural toxins such as mercury in fish, thereby assuring the safety
of food products. The ion trap LC/MS analysis of the carbamate pesticide
carbaryl in whole food extracts proved more specific than previous analysis by
HPLC fluorescence and single quadrupole mass spectrometry.

. Drug Analysis

LC/MS is a potent tool in drug discovery, enabling the characterization of
target proteins and the identification of biomarkers through proteomics studies.
A complete mass fragmentation pathway for the drug was first established
with the help of LC/MS studies. Thermospray is a sensitive technique used in
the pharmaceutical industry for drug metabolism, pharmacokinetics, impurity
analysis, and natural product investigation, detecting trace impurities and
investigating antibiotics and antimalarial agents.

. Other Applications

Peptide mapping involves analysis of amino acid sequences using HPLC or
MALDI-TOF MS. LC/MS is a powerful tool for plant metabolomics, analyzing a
wide range of secondary and highly polar molecules, including
oligosaccharides and lipids, to differentiate vast plant biodiversity. LC/MS is an
exceptionally versatile instrument for examining pesticides and herbicides in
potable water, air, soil, wastewater, sludge, and sludge. LC/MS is also a vital
tool in cosmetics for identifying and evaluating contaminants and
preservatives in personal care and cosmetic products to guarantee their

uality.
a y 229
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§4Q2

a)  Which of the following is not true about High Pressure Liquid
Chromatography (HPLC)?

i) It requires high pressure for the separation of the species.
ii) There is no need to vaporize the samples.
iii) Itis performed in columns.
iv) It has high sensitivity.
b)  Which of the following is not a component of HPLC system?
i) Pump
ii) Detector
iii)  Injector

iv)  Centrifuge

c) The purpose of sample injectoristo ........................ (Fill in the Blank).
d)  Column efficiency is related to height equivalent to the plate (Fill
in the Blank).

10.3 ULTRA-PERFORMANCE LIQUID
CHROMATOGRAPHY (UPLC)

UPLC, an innovative technology in the realm of liquid chromatography-based
analysis, has achieved a substantial milestone by augmenting sample
throughput, chromatographic efficiency, sensitivity and run time. UPLC allows
for lower particle sizes in columns and can handle pressure up to 15000 psi.

10.3.1 Principle

UPLC's principle states that as fill particle size decreases, efficiency and
resolution increase. After particle size reduction to less than 2um, efficiency
increases significantly and doesn't decrease at higher flow rates, based on the
van Deemter relationship.

H=A+B +Cv
where H is the height equivalent to the theoretical plate (HETP),
A, B and C are constants, and
v is the flow rate of the carrier gas.

The term A- signifies eddy mixing, which is smaller when columns are filled
with small and uniform-sized particles.
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The term B represents axial diffusion, which decreases at higher flow rates,
dividing it by v.

The term C represents the kinetic resistance to equilibrium during separation,
which is the time lag required to move from the mobile phase to the stationary
phase. Smaller grains reduce column height, making it more efficient. This
allows faster analyte migration and narrow peak elution. Higher flow rate of the
mobile phase enhances throughput speeding up separation without affecting
chromatographic performance. Efficiency is proportional to particle radius.

The van Deemter equation reveals that smaller particles increase flow rate
and efficiency, but also increase back pressure. Short columns with small
particles (about 2 ym) are used in systems to speed up separation while
minimizing load loss. This technique retains the same analytical separation
method as HPLC but significantly improves speed analysis, sensitivity, and
high resolution, allowing for more analyses in shorter time, increasing sample
throughput and lab productivity.

10.3.2 Importance of Small Particles

The development of this technique was influenced by packing materials and
separations. The van Deemter equation's assumptions cannot be fulfilled
without smaller particles than those commonly used in HPLC. UPLC uses
smaller particles for better resolution, efficiency, and sensitivity, with sharper
peaks and faster analysis. UPLC uses sub-2 pm particles in columns, unlike
HPLC which uses 3-5 pym particles. Similar to HPLC, UPLC utilizes porous
particles to sustain capacity and retention; however, the low surface area of
these non-porous particles results in a poor loading capacity. To improve
separation efficiency, column packing particle size should be reduced,
resulting in decreased eddy diffusion and longitudinal diffusion coefficients.
Columns have a uniform interior surface and smaller diameter to retain small
particles to minimize frictional heating effects and resistance to clogging.

10.3.3 Instrumentation

The instrumentation of UPLC includes:
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Fig. 10.2: Block diagram of UPLC.
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I Sample injection: Sample introduction to the chromatographic system is
very critical. The injector measures a small sample volume (2-5 yl ) in the
mobile phase using a pump. Conventional valves are not designed for
extreme pressure, but automatic loop-style injectors can deliver small volumes
at 30,000-40,000 psi.

I UPLC column: UPLC uses bonded phases to separate sample
components, providing retention and selectivity. Different columns, packed
with particles, offer different hydrophobicity, silent activity, hydrolytic stability,
and chemical interaction with analytes. A 1.7 um particle-packed column
improves resolution and efficiency. Different bonded phases used in the
column are:

. Charged Surface Hybrid (CSH) patrticle technology: The CSH
technology-based columns, such as CSH-phenyl hexyl and CSH fluoro
phenyl, are a new method for developing hybrid materials. These
columns enhance selectivity and sharpness of peaks, offer exceptional
peak shape, increased loading capacity, complementary selectivity to
alkyl phases, selectivity for positional isomers, halogenated and polar
compounds, and higher stability at various pH values.

. Ethylene Bridged Hybrid (BEH) particle technology: The universal
column is preferred for UPLC separations due to its wide pH range. Its
examples include BEH C18 and C8, which offer higher retention,
selectivity, efficiency, peak symmetry, chemical stability, enhanced peak
shape, and compatibility with 100% aqueous mobile phase. These
columns are used for rapid assays of cytochrome P450 isoenzymes to
determine drug inhibition or interaction.

. High Strength Silica (HSS) Particle Technology: Advanced technology
improves mechanical stability while maintaining similar pore volumes to
HPLC silica-based materials, resulting in higher retention compared to
hybrid particles. HSS T3, C18SB, PFP, and CN are widely used columns
which offer balanced retention, exceptional peak shapes and increased
retention of basic compounds. Ideal for planar aromatic and halogenated
compounds, they are ultra-stable and compatible with reversed-phase
and normal-phase techniques.

. Peptide Separation Technology (PST): PST Columns, using C18 BEH
Technology™ particle sizes and dimensions offer sharp symmetrical
peaks for peptide analysis and isolation in research and development
with dimensions ranging from 75 pm-30 mm and lengths from 50 mm to
250 mm.

L Solvent delivery system: The solvent delivery system is utilized for
high pressure pumping, ensuring smooth and constant solvent flow in
UPLC systems operating at 8000-15000 psi, and must compensate for
various solvents used in gradient elution.

IV Detector: The UPLC detector should provide a high sampling rate with
narrow peaks, minimize dispersion, and minimize wastage of separated

232
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solute, ensuring one-step efficiency and minimized wastage of
separated solute. The detectors employed in the UPLC are:

. Tunable UV detector (TUV): The Tunable UV detector is a light-guided
flow cell that efficiently transfers light in an internal reflectance mode,
maintaining a 10 mm path length and 500 ml volume. It is used for
analysis in various fields, including life science, pharmaceuticals,
environmental, agriculture, and petrochemicals, and offers performance
advantages due to its low dispersion and software interaction.

. Acquisition photodiode array detector (PDA): This is also called an
ultraviolet/visible light (UV/Vis) spectrophotometer. The detector offers
enhanced optical detection in the 190-800 nm range. It uses flow cell
technology for trace impurity identification and quantification, co-elution
detection, and accurate chemical identification. It operates in two-
dimensional and three-dimensional mode and is widely used in
pharmaceutical research and development.

. Evaporative Light Scattering (ELS) detector: This type of detector
recognizes materials that do not absorb UV light like lipids, artificial
polymers, synthetic polymers, and carbohydrates. ELS is a specialized
approach that uses radiation to detect non-UV-absorbing chemicals
separated by LC.

. Fluorescence (FLR) detector: This detector is utilized in fluorescence-
based applications for studying vitamins, drugs, PAHs, and
chemiluminescent substances like fluorescence or phosphorescence
due to its selectivity and sensitivity.

. Refractive Index (RI) detector: The detector is a versatile tool for
detecting substances with low UV absorbance, including fatty acids,
alcohols, sugars, and pharmaceuticals, but lacks sensitivity.

10.3.4 Advantages of UPLC

The new column material offers high resolution, high sensitivity and quick
analysis, reducing process cycle time with end-product quality while reducing
costs and run time. It also increases sample throughput, reduces solvent
consumption, and provides real-time analysis in line with manufacturing
processes thereby reducing time and cost.

10.3.5 Disadvantages of UPLC

Higher back pressures in UPLC columns decrease their lifespan compared to
conventional HPLC. Increasing column temperature may reduce such issues.
Non-renewable particles under 2 um require additional maintenance and have
a narrow range of usage.

10.3.6 Applications of UPLC

The technique of UPLC, which separates ingredients in multi-component

mixtures is widely used in various fields like chemistry, pharmacy,

biochemistry, and heavy metal industry. It ensures quality control by assessing

the number of ingredients in a sample as well as determining purity. UPLC 233
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technology is a rapidly growing field with numerous potential applications in
the analysis of pharmaceutical and biological compounds. UPLC is a critical
advanced method in laboratory research that helps to reduce costs and
increases analytical efficiency. The high stability of UPLC columns allows for
the selection of column temperature and pH with wide ranges.

» |ldentification

The study focuses on the identification, separation, and quantitative estimation
of therapeutically active constituents in natural extracts and herbal medicine.
Phytoconstituents such as procyanadines, phenolic compounds, monomers,
oligomers, isoflavones, flavonoids, coumarins, and alkaloids like caffeine and
theobromine can be effectively identified and quantified using UPLC.

* Drug Analysis

UPLC and triple quadrupole tandem mass spectrometry can efficiently and
accurately determine the trace levels of pesticides in groundwater. UPLC, UV,
and MS detection are widely used in pharmaceutical applications for rapid
dose formulation analysis. Pharmaceutical waste water is contaminated with
an assortment of substances including analgesics, psychiatric medications,
cholesterol-lowering agents, anti-ulcer agents, antibiotics, beta-blockers,
analgesics, and anti-inflammatory agents. These substances screened in
conformity in samples from wastewater treatment plants using UPLC and
QTOF-MS. UPLC is an indispensable instrument in QA/QC laboratories for the
quantitative and strictly regulated analysis of critical parameters in the
production of pharmaceutical products and dosage forms. Profiling impurities
is an essential step in the formulation and drug development processes as it
identifies and separates impurities from active compounds. However, the
presence of excipients in samples makes profiling difficult. HPLC method
takes longer to achieve resolution. Combining UPLC with mass spectrometry
is useful for documenting drug and endogenous metabolites, detecting and
quantifying drug-related impurities in raw materials and final products.

Forced Degradation Studies (FDS) are crucial in assessing the chemical
stability of pharmaceutical compounds during the initial phase of drug
development. These tests involve extreme conditions like acid and base
hydrolysis, peroxide oxidation, photo-oxidation, and thermal stability. The
degradation products are identified, helping to establish the intrinsic stability of
a drug substance. The stability of a product describes shelf life, storage
conditions, and assists in selecting appropriate formulations and packaging for
regulatory documentation. HPLC with UV and/or MS is commonly used, but it
consumes time and lacks high resolution for precise detection. Dissolution
testing is crucial in drug formulation and manufacturing processes to ensure
consistency and uniformity of active ingredients. It's especially important for
potent drugs in sustained-release dosage form, as their dissolution studies
can impact medicine delivery. The UPLC method offers accurate, consistent
automated online sample acquisition. Bioequivalence studies are crucial for
quantifying drugs in biological samples, comparing new formulations with
original ones. UPLC-MS/MS solutions provide reliable data with increasing
efficacy, output, and profitability for bioequivalence laboratories. The UPLC
sample manager enhances effectiveness by considering large samples in a
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temperature-controlled atmosphere, ensuring maximum throughput and
improving data acquisition rates in tandem quadrupole MS systems.

The application of LC methods with coupled detectors is useful for
investigating complex media, understanding drug pharmaco-kinetic profiles,
and developing accurate methods for drug estimation. It is also used for
analyzing drugs and their metabolic products in biological fluids like human
plasma and urine for biotransformation pathway profiling. HPLC and UPLC are
the most commonly used methods for drug analysis due to their advantages,
ease of application, and low-cost instruments.

* Protein Studies

UPLC technology offers superior resolution, peak capacity, and sensitivity
compared to HPLC for peptide mapping, enabling detailed protein
characterization.

» Metabolic Studies

By identifying metabolites with sensitivity, mass accuracy, dynamic range, and
resolution, UPLC-MS/MS facilitates biomarker discovery. By identifying static
and kinetic lipid phenotypes, high resolution UPLC-MS is employed to analyze
lipid concentration, endogenous production, and pathways influencing lipid
biology.

+ Toxicity Studies

Toxicity studies are crucial in drug development to prevent toxicity issues and
financial losses. UPLC's high resolution and sensitivity enable precise
detection of potential inhibitors, metabolising enzymes, and drug-drug
interactions, reducing analysis time and sample failure. This helps
organizations in minimization of monetary loss and improves drug candidates'
chances of success. UPLC is an improved method for analyzing explosives,
including hand swiped explosive remains, with minimal sample preparation
time of less than nine minutes, enhancing lab output and freeing up MS time
for further analysis. The UPLC-MS/MS method offers a fast, robust, and
specific screening platform for determining and quantifying commonly used
drugs of abuse in urine. Sudan I-IV, a red dye used in petrochemical
industries, has been used to improve the color of spices and food items
potentially causing DNA adducts and mutations. UPLC coupled with tandem
mass spectrometry enables its identification at low pH levels. It's also used by
athletes to detect performance-enhancing drugs ensuring purity. UPLC offers
new analytical separation possibilities without compromising quality.

$4Q3

a)  Which detector is not used in UPLC?

i) Refractive index detector
i)  Acquity photodiode array
i)  Fluorescence detector

iv) UV spectrophotometer
235
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b) The particle size of UPLC is
)  <0.2um
ii) <0.2 nm
iy  <0.2mm
iv) <0.2cm
c) UPLC operates at high pressure of ................. (Fill in the blanks).

d) equation describes the principle of UPLC (Fill in the

10.4 High-Performance Thin-Layer
Chromatography (HPTLC)

HPTLC is an advanced iteration of TLC that features improved elements such
as plates of superior quality and a minute stationary phase. It's highly
sensitive, suitable for qualitative and quantitative analysis, and offers
fingerprint visualization and data storage in electronic libraries, surpassing
chromatographic techniques.

10.4.1 Principle

Advancements in TLC led to more precise sample spotting and quantitative
evaluation, resulting in a significant performance improvement known as high-
performance thin-layer chromatography (HPTLC). RE Kaiser has played a key
role in its development, focusing on particle size and adsorbent range.

HPTLC is an adsorption separation method in which components are
transported by a mobile phase propelled by capillary action. The components
exhibit adsorption in the stationary phase, with components with higher affinity
moving slowly and those with lesser affinity moving fast. This variation leads to
component separation on the chromatographic plate. The use of very fine
particulate sorbents in HPTLC allows for a clear display of mobile phase
movement (Figure 10.3). A forced-flow technique is used, using a pressurized
chamber and a sophisticated pump to incorporate the mobile phase at
constant velocity, covering the stationary phase with the analyte samples.

10.4.2 Instrumentation and Methodology

| Sample preparation: Samples rarely require cleanup since plates are
not reused for analysis, and it is possible to apply a sample without any
pretreatment. In certain cases, however, sonication of the sample may
be required to ensure its complete solubility, and filtration or
centrifugation may be required to remove undissolved excipients. The
samples may be prepared using methanol, chloroform: methanol (1:1
v/v), ethyl acetate: methanol (1:1 v/v), chloroform: methanol: ammonia
(90:10:1 v/v), methylene chloride: methanol (1:1 v/v) to avoid
interference from impurities and water vapors.
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Chamber saturation: The chromatographic chamber is filled with the
solvent 30 minutes prior to the development of the plate, to get a uniform
distribution of solvent vapors in the chamber.

Stationary phase: HPTLC is considered the most advanced form of
modern TLC. Small particles with a narrow size distribution coat the
stationary phase on HPTLC plates. These plates provide improved
resolution, higher detection sensitivity, and improved in situ
quantification. Mixtures of sorbents have been used to prepare layers
with special selectivity properties. It is necessary to store HPTLC plates
under suitable conditions. Commercially available pre-coated HPTLC
plates with Silica Gel 60 F254 on either glass or aluminium backing are
used predominantly. In addition to silica gel, C2 and C18, other
stationary phases can also provide separation and analysis of mixtures
using different mechanisms: cellulose layer [for normal-phase (NP)
partition]; ion-exchange layers; impregnated layers (e.g., argumentation
of TLC for unsaturated organic compounds); thicker preparative layers
(usually 0.5-1 mm) for isolation of larger amounts of analyte; and chiral
layers for analysis of enantiomers.

Preparation of plates: TLC plates can be made in any lab with suitable
apparatus. However, such layers do not adhere well to the glass
support. Pre-coated plates that use small quantities of high molecular
weight polymers as binder overcomes most limitations of a home-made
layer. Pre-coated layers are reasonably abrasion-resistant, very uniform
in layer thickness, reproducible, reactivated, and ready to use. They are
available with glass, aluminium, or polyester support. Aluminium foil
plates are less expensive to buy, cheaper, can be cut, and therefore
easy to carry or transport. Glass plates are best for the highest quality of
results. Most often, layers containing the fluorescent indicator F254 are
used. This enables the visualization of samples in a UV cabinet very
simply, instantly, and in a nondestructive manner. The most common
plate sizes are 20X20cm or 10X10cm. Care must be taken while
handling the plates to avoid contamination. The plates should be
observed under UV light to detect any damage or the presence of
impurities on the adsorbent. The HPTLC plates are pre-washed to
eliminate the impurities that may adhere to their surface. The washing is
done by ascending, dipping, or continuous methods. The most common
solvents used for washing purposes are methanol, chloroform, or their
mixtures. The plates kept in the open are activated by placing them in an
oven at 110-130°C for 30 minutes.

Application of sample and standard: The sample is applied in the
form of a spot or band with the help of some applicators, such as
capillary tubes, micro-bulb pipettes, micro-syringes, and an automated
sample applicator. Spraying samples as narrow bands allows the
application of significantly larger volumes.

Selection of mobile phase: The selection of mobile phase is based on
the adsorbent material used as the stationary phase, and the physical

and chemical properties of the analyte. The desired mobile phase would
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VI

provide the greatest solubility while providing affinity for the sample on
the stationary phase. Highly polar solvents used are water, methanol,
ethanol, acetone, diethyl ether, ethyl acetate, etc., while non-polar
solvents include dichloromethane, toluene, chloroform, cyclohexane,
petroleum ether, hexane, etc. The developing solvent must be of high
purity. Small amounts of water or other impurities can cause
irreproducible chromatograms.

Chromatographic development and drying: The chromatogram
development is the most important step in the HPTLC procedure. The
HPTLC chamber is pre-conditioned with solvent to get uniform vapors of
the solvent in the chamber. The HPTLC plates are generally developed
in twin-trough chambers or horizontal development chambers. The
saturated twin-trough chambers fitted with filter paper offer the best
reproducibility. The sorbent layer thickness of the TLC plate is 100 um,
and due to this smaller particle size, separations are achieved at low
distances, i.e., 3 to 5 cm. Because of this shorter migration distance, a
smaller amount of mobile phase is required, and the analysis time is also
greatly reduced. After development, the plate is removed and dried in a
vacuum desiccators.

Detection and Visualization: Different compounds are distinguished by
their retention factor or R; values generated. (R is the ratio of the
distance travelled by the compound to the distance travelled by the
solvent front). A number of methods are available for the detection and
visualization of the separated compounds.

. Detection under UV light is the first choice non-destructive method.
Spots of fluorescent compounds can be seen at 254 nm (short
wavelength) or at 366 nm (long wavelength).

. Photographic imaging and software-based densitometry are
straight-forward and have the advantage that the entire plate can
be imaged at once. These days, the design of UV cabinets is
improved, which allows the fixing of a digital camera for recording
images of the plate. Furthermore, the components are quantified
on the same plates. Variable-wavelength reflectance-based
densitometric scanners are available commercially and cover the
entire 190-900 nm range. The scanner scans each
chromatographic track at a time, measuring the diffusely reflected
light. Background-corrected absorption spectra for any desired
spot can also be acquired for identification of the analyte as well as
for selecting the best measurement wavelength.

. Bioluminescence is now a popular assay to determine, e.g., the
toxicity of substances. Detection systems specifically designed to
measure bioluminescence on TLC plates are also available.

. Radio-TLC is a widely used method for analyzing the purity of
radiopharmaceuticals and determining reaction conversion in
radio-synthesis processes, thereby aiding in the optimization of
radiopharmaceutical production.
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Vil

Vil

Quantification

After the development of the chromatogram, it is scanned using various
detection systems as discussed above, in reflectance or transmittance
mode; the scanning speed is selectable up to 100 mm/s. The scanner
converts the band into a peak, and the peak height or area is related to
the concentration of substance on the spot or band. The peak height and
area under the spot are measured by the instrument and recorded.

Documentation

The instrument automatically records the chromatogram during photo-
documentation. The type of plate, chamber system, composition of the
mobile phase, running time, and detection method is duly recorded.
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Fig. 10.3: Block diagram of HPTLC.

https://www.researchgate.net/figure/Schematic-diagram-of-HPTLC-
method-of-separation_fig1_282333005]

10.4.3 Applications

HPTLC is a widely accepted method for qualitative and quantitative analysis of
various samples, particularly for characterizing small molecules in quality
assessment.

Identification

HPTLC helps in rapid and effective identification of toxic substances in
forensic samples such as hair, urine, and blood. It aids in investigating
cases of chemical warfare, drug and alcohol use, and identifying 239
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suspects in crimes. It also detects picogram concentrations, specifically
in the detection of cannabis, the most frequently misused substance
among recreational users. In addition to identifying and quantifying
active substances, impurities, and constituents, HPTLC is utilized in the
development of processes and the validation of cleansing procedures.
Phytochemical compounds and secondary metabolites are among the
complex botanical materials that can be identified with the assistance of
HPTLC fingerprint technology. It is of the utmost importance in the
quality control of herbal medication, as it guarantees the authentication
of raw materials and identifies any adulterated or substitute substances.

Food Analysis

HPTLC is a valuable technique in the food industry for evaluating
nutrients, beverages, vitamins, and pesticides in food products. It
analyses additives, contaminants, and flavour compounds, detecting
adulteration and fraud, and ensuring product authenticity and safety.
HPTLC also aids in monitoring cultivation, harvesting, extraction
processes, and stability testing. It is also used for process development,
identifying adulterants in herbal products, pesticide content, and quality
control of herbs and health foods. HPTLC with densitometry is used to
determine active ingredients and preservatives in synthetic or herbal
formulations.

Drug Analysis

HPTLC is a crucial tool in the pharmaceutical industry for post-
production quality control, forced degradation studies, stability testing,
and impurity detection. Its ability to analyze drugs without auxiliary
substances has also been demonstrated. Pharmacokinetics studies drug
absorption, distribution, metabolism, and excretion post-administration is
crucial for optimizing dosing regimens. HPTLC can detect impurities,
degradation products, and thus ensure drug safety and efficacy. It also
provides valuable information for drug development by studying
metabolism and pharmacokinetics. By detecting and quantifying drugs,
contaminants, and metabolites in bodily fluids and tissues, HPTLC
facilitates clinical diagnostics and forensic analysis, ensuring accurate
diagnoses and decisions based on evidence.

Cosmetic Industry

HPTLC technique is utilized in the cosmetic industry to detect UV filters
in cosmetic product formulations, and analyze active ingredients and
contaminants for quality assurance.

Toxicology Studies

HPTLC is a vital tool in toxicology studies, identifying pollutants and
contaminants in water, soil, and air samples. By quantifying medications,
toxins, and their metabolites, it facilitates the evaluation of potential
treatments and the comprehension of the physiological impacts of toxic
substances. HPTLC is a crucial tool in biomedical research for detecting
and quantifying pollutants, toxins, and contaminants in environmental
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samples, thus enhancing understanding of environmental health. HPTLC
is widely used for characterizing small molecules in quality assessment,
purity control of chemicals, pesticides, steroids, and water analysis.
Fingerprint analysis of HPTLC is gaining popularity as a screening
method for naturally derived products from cultivation to therapeutic
dosage form processing.

Metabolic Studies

By facilitating the separation and quantification of amino acids in
biological samples, HPTLC furnishes information that is indispensable
for protein profiling and the comprehension of physiological processes.
Metabolite analysis utilizing HPTLC provides researchers with valuable
insights into metabolic pathways and potential disease biomarkers by
aiding in the identification of metabolites in biological samples.

§AQ4

a)

b)

d)

HPTLC is a type of

i) lon exchange chromatography

i) Gel filtration chromatography

iii)  Adsorption chromatography

The sample introduction in HPTLC is carried by

i) Micropipette

ii) Densitometer

i)  Goniometer

iv)  Microsyringe

The full form of Rfis..................... (Fill in the blanks).

.................... is related to the concentration of the substance (Fill in the
blanks).

10.5 SUMMARY

In laboratories and industries, chromatographic testing has become
indispensable for separation, purification, and quantification.
Chromatography is regarded as one of the most significant
developments of the past few years. Numerous chromatography
techniques have undergone enhancements that augment its productivity,
dependability, and robustness.

LC/MS is an analytical method that uses liquid chromatography to

physically separate substances and a mass spectrometer to analyze

their mass, with HPLC being a crucial method for separating organic

molecules like drug metabolites, peptides, and proteins. Mass 241
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spectrometry (MS) converts substances into ionized states, producing
three-dimensional mass spectral data. LC/MS overcomes the limitations
of traditional liquid phase detectors by combining the superior selectivity
and sensitivity of MS with the excellent separation capabilities of LC.

UPLC is a liquid chromatography technique that improves the speed,
efficiency, sensitivity, and duration of sample analysis. This technology
enables the reduction of particle sizes in columns and has the capability
to withstand pressures of up to 15000 psi. When the size of fill particles
decreases, there is an increase in both efficiency and resolution.
According to the van Deemter relationship, efficiency shows a large rise
after reducing particle size to less than 2um,. Furthermore, this gain in
efficiency remains consistent even at greater flow rates. Reducing the
size of the grains decreases the height of the column, hence increasing
its efficiency. Compact columns containing fine particles (about 2 um)
are employed to enhance separation efficiency while minimizing loss of
material. The development of UPLC was impacted by the choice of
packing materials and separations, with a focus on using smaller
particles to achieve improved resolution, efficiency, and sensitivity.

HPTLC is an enhanced iteration of TLC that has upgraded components,
superior plates, and a stationary phase. This technology is extremely
sensitive and used for both qualitative and quantitative research. It also
allows for the visualization of fingerprints and the preservation of data in
electronic libraries. HPTLC employs capillary action to separate
components by utilizing a mobile phase, which is driven by capillary
forces. Fine particle sorbents are employed to facilitate the smooth flow
of the components. The method employs a chamber that is pressured
and a pump.

10.6 TERMINAL QUESTIONS

A LD

6.

What are the uses of mass spectrometer and HPLC in LC/MS?
What are ion sources? Explain different types of ion sources.
Explain van Deemter equation.

What are the advantages of using small particles in UPLC?
Write the advantages of HPTLC over TLC.

Enlist various applications of HPTLC.

10.7 ANSWERS

Self-Assessment Questions

1.

a)  Option (i)
b)  Options (iv)
c) Analyser

d)  Mass-to-charge ratio
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2.

a) Option (ii)
b)  Option (iv)
c) Inject sample onto the column

d) Inversely

a)  Option (i)
b)  Option (i)
c) 15000 psi

d)  Van Deemter
a)  Option (iii)

b)  Option (iv)

c) Retention factor

d)  Area under the peak

Terminal Questions

1.

6.

LC/MS is a chemical analytical technique that utilizes liquid
chromatography (LC) for physical separation and a mass spectrometer
(MS) for detection or mass analysis.

Discussed in Section 10.2.2.1
Discussed in Section 10.3.1

The development of UPLC technique are influenced by packing
materials and separations. It uses smaller particles for better resolution,
efficiency, and sensitivity, with sharper peaks and faster analysis. UPLC
uses sub-2 pm particles in columns, unlike HPLC's 3-5 uym particles. To
improve separation efficiency, column packing particle size should be
reduced, and columns should have a uniform interior surface and
smaller diameter to retain particles and resist clogging.

High resolution is one of the primary benefits of HPTLC; it enables the
separation of closely related compounds that are too small to be
discerned using conventional TLC. Additionally, HPTLC provides
enhanced sensitivity, as its detection limit of nanograms enables it to
identify trace quantities of compounds.

Discussed in Section 10.4.3
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